The helminths of two sympatric species of rodents, the striped field mouse Apodemus agrarius and the yellow-necked mouse, Apodemus flavicollis from Slovakia were studied to determine whether there are similarities in the composition of the helminth fauna of two closely related host species living in the same area. A total of twelve species of helminths were identified in these rodent populations, including Brachylaima sp. (Trematoda); Hymenolepis diminuta (Rudolphi, 1819), Mesocestoides sp. larvae, Rodentolepis fraterna (Stiles, 1906), Rodentolepis straminea (Goeze, 1782), Skrjabinotaenia lobata (Baer, 1925), Taenia taeniaeformis larvae (Batsch, 1786) (Cestoda); Aonchotheca annulosa (Dujardin, 1845), Heligmosomoides polygyrus (Dujardin, 1845), Heterakis spumosa Schneider, 1866, Mastophorus muris (Gmelin, 1790) and Syphacia stroma (Linstow, 1884) (Nematoda). In A. agrarius, H. polygyrus was the most prevalent, as well as the most abundant helminth, but R. fraterna was the species with the highest mean intensity. In contrast, S. stroma dominated the A. flavicollis helminth fauna with the highest prevalence, mean abundance and mean intensity. Both rodent populations harboured nine helminth species, although the mean individual species richness was significantly higher in A. agrarius than in A. flavicollis. The analysis of helminth diversity at both component and infracommunity levels revealed differences between the two rodent populations, which are most likely attributable to the specific host ecology.
Introduction
Mice of the genus Apodemus Kaup, 1829, are the most widespread small rodents in natural habitats such as broadleaf forests and fields in the temperate zone of the Palearctic region. They depend greatly on forest resources, such as acorns, insects, and other small vertebrates. Apodemus species show a species-specific limited distribution, with two or more species often living together in the same forest (Musser and Carleton 1993, Orlov et al. 1996) . The striped field mouse, Apodemus agrarius (Pallas, 1771) and the yellow-necked field mouse, Apodemus flavicollis (Melchior, 1834) differ in their distributions and current spread . A. agrarius, belonging to the subgenus Apodemus, is found across the Palearctic and Oriental regions. Its distribution in the Palearctic region is uneven but includes Central and Eastern Europe. In recent decades A. agrarius has spread westward from Central Europe Kryštufek 1999, Bryja and Rehak 2002) . In contrast, A. flavicollis, belonging to the subgenus Sylvaemus, is widespread in the western part of the Palearctic region (Montgomery 1999) .
Apodemus agrarius and A. flavicollis are very common small mammals in eastern Slovakia (Stanko 1994) . The ecological preferences of these species overlap and their populations frequently coexist sympatrically and even syntopically in many habitats (Stanko et al. 1996) . They dominate small mammal communities in agricultural landscapes and usually co-occur with several other rodent species, mainly Myodes glareolus (Schreber, 1780) ) but they differ in some respects regarding their habitat preference. The yellow-necked mouse is strongly dependent on the forest environment preferring mature deciduous woodlands (Montgomery 1985) , whereas the striped field mouse is a species typical of the agricultural field-forest habitat mosaic (Kozakiewicz et al. 1999) , and in border areas prefers moist habitats (Zejda 1967 ).
In Europe, many parasitological studies on the helminth communities of small mammals have been reported, focusing largely on the wood mouse, A. sylvaticus (e.g. Behnke et al. 1999 , Abu-Madi et al. 2000 , Goüy de Bellocq et al. 2003 , Fuentes et al. 2004 , Milazzo et al. 2005 , Eira et al. 2006 , with very few investigating A. agrarius or A. flavicollis. The prevalence of helminth species in A. agrarius from Belorussia was reported by Shimalov (2002) and the metazoan parasite fauna of A. flavicollis from Germany was described by Klimpel et al. (2007a) . Only Hildebrand et al. (2009) have reported the nematode fauna of both the striped field mouse and the yellownecked mouse from Poland. In Slovakia, the helminth fauna of wild rodent species has been monitored for the last fifty years. However, these studies focus mainly on faunistics and taxonomy (e.g. Erhardova and Rysavy 1955; Erhardova 1956 Erhardova , 1958 , with few reporting quantitative data on helminth communities (Mituch 1975 , Mituch et al. 1987 , Stefancikova et al. 1994 .
Intensive parasitological and epidemiological research evaluating the importance of small mammals as hosts of a wide spectrum of arthropods which are important vectors of various diseases, as well as hosts of many endoparasites, has been undertaken in eastern Slovakia during the last decade (e.g. Cislakova et al. 2004 , Klempa et al. 2005 , Stanko et al. 2007 , Stefancikova et al. 2008 . As a part of this research, we present our investigation of the helminth fauna of two sympatric rodent species, A. agrarius and A. flavicollis, in southeastern Slovakia. The aim of this was to compare the composition and structure of their intestinal helminth communities, where similar ecological characteristics and an overlap in habitat use might suggest similar parasite communities.
Materials and methods
Ninety-six striped field mice, A. agrarius, and 51 yellownecked mice, A. flavicollis, were sampled by live-trapping using Swedish bridge metal traps in the surroundings of Rozhanovce village in the Košická kotlina basin, near Kosice in south-eastern Slovakia. Mice were trapped between September 2006 to November 2008, mainly during the spring and autumn periods. The sampling area included the boundaries between cultivated and grazing land, and oak-hornbean forest (48°46΄30˝E, 21°21΄30˝N; 350 m a.s.l.).
Host sex was recorded and the mice were classified into two basic age groups (subadults and adults), as described by Pelikan (1965) . The body cavity, liver and gastrointestinal tract (stomach, small intestine, caecum and colon) were investigated for parasites which were then washed in physiological saline solution. Trematodes and cestodes were fixed in 4% formaldehyde and preserved in 70% ethanol. These were stained in Semichon's acetocarmine, dehydrated in a graded series of ethanol solutions, cleared in clove oil and mounted in Canada balsam. Nematodes were fixed in Barbagallo's solution or 70% ethanol, and cleared in lactic acid. The helminths were identified by reference to the original descriptions and the number of each species from each infracommunity was recorded.
The helminth community composition and structure for each rodent species was analysed and the prevalence, mean abundance, mean and median intensity calculated according to Bush et al. (1997) .The structure of the helminth component community was studied by determining the number of helminth species, analysing the frequency of occurrence of each species, the abundance index and the frequency distribution. The abundance index AI was calculated for each helminth taxon after Pence and Eason (1980) . The Z-value (prevalence multiplied by abundance) for each taxon was first calculated, then the AI was determined as a percent index of infection by dividing each Z-value by the sum of all Z-values for species with at least one mature individual or 0 otherwise. This index classifies the species as either: dominant (AI>1), where the species is strongly characteristic of the community; codominant (0.01≤AI<1), where the species contributes significantly to the community, though to a lesser degree; successful immigrant (0<AI<0.01), where the species occurring infrequently may develop and reproduce, but does not contribute significantly to the community; and unsuccessful immigrant (AI = 0), where the species, characteristic of another host, gains access to the host being examined, but does not mature or reproduce, and contributes little to the community.
The index of discrepancy (Poulin 1993 ) was used to characterize the departure from a uniform distribution (D = 0, theoretical maximum: D = 1). The negative binomial exponent k was calculated by the maximum likelihood method. The nullhypothesis, that the negative binomial distribution represents the observed data as a theoretical model, was tested by χ 2 -test at p = 0.05.
The diversity/uniformity of helminth communities was examined by calculating the Simpson (expressed as 1-Simpson), Berger-Parker, Shannon, Shannon (Pielou) evenness and Margalef indices (Magurran 1988 (Magurran , 2004 .
The helminth infracommunity structure was assessed by the mean abundance, mean number of helminth species per host, mean Brillouin/Brillouin evenness indices (Magurran 1988 (Magurran , 2004 and mean Brillouin/Brillouin evenness indices for infected hosts only relative to host sex and age.
Quantification and comparison of parasites, which typically exhibit an aggregated distribution among host individuals, was conducted according to Rózsa et al. (2000) . Nonparametric statistical tests were used to test differences in prevalence (χ 2 -test), abundance (bootstrap 2-sample t-test), and median (Mood's median test). The statistical package QP 3.0 (Reiczigel and Rózsa 2005) was used for these analyses.
The influence of intrinsic (host age and sex) and extrinsic (year and period of capture) factors on helminth prevalences, species richness (number of helminth species), helminth diversity (Brillouin index) and abundance of component species were studied. The analysis was carried out separately for A. agrarius and A. flavicollis in order to compare the influ- Jarmila Ondríková et al. 372 ence of the factors on each host. All of 2006 and the following winter period were excluded from this analyses (a total of 4 hosts), and all factors have two levels. The analysis for prevalences was carried out by using binary logistic regression, while a multifactorial general linear model (GLM) was used for the analyses of the rest of the quantitative parameters. The helminth abundance was transformed by ln (x + 1), as the aggregated distribution of helminths must be normalized for the GLM method. STATISTICA 9.0 (StatSoft, Inc., 2009) was used for these analyses.
Results
In this work, a total of 96 striped field mice and 51 yellownecked mice were examined for helminths. (Gmelin, 1790) and Syphacia stroma (Linstow, 1884) (Nematoda). A summary of the prevalence, abundance, importance, intensity and distribution characteristics of these helminths is provided in Table I .
Characteristics of the helminth community of A. agrarius
In A. agrarius, 92 individuals (95.8%) carried at least one of nine helminth species comprising of 1 digenetic trematode (0.6% of all helminths), 5 cestodes (47.6%) and 3 nematodes (51.8%). Of these nine helminths, H. polygyrus, R. fraterna and S. stroma were dominant species on the basis of I values. H. polygyrus was the most prevalent as well as most abundant helminth species, but R. fraterna was the species with the highest mean intensity. These two represented 82.8% of all recovered helminths (N = 4213) from A. agrarius individuals. H. spumosa, H. diminuta and Brachylaima sp. were codominant species and contributed significantly to the parasite community of A. agrarius.
The frequency distributions for helminth species recorded in A. agrarius are summarised in Table I . The index of discrepancy D reflected an aggregated frequency distribution for all but H. polygrus species, which had D clearly smaller than 1. All but H. polygrus and H. diminuta showed a negative binomial distribution.
A very low percentage of non-parasitized mice (4.2%) was recorded, and hosts with multiple helminth species were rare, with more than 84% of mice harbouring one or two parasite species with infracommunities of up to four species. The frequency distribution in the number of helminth species showed a tendency to a Poisson distribution (Fig. 1) , although it is not aggregated enough (D = 0.259) to fit the negative binomial. However, the frequency distribution of total numbers of helminths in A. agrarius was aggregated, but still did not fit a negative binomial distribution (Table I) .
The values of the diversity indices reflecting the diversity/uniformity of the helminth community in A. agrarius are presented in Table II . No significant differences were found when comparing the prevalence of infection with respect to the sex and age of the hosts (Table III) . The overall mean number of helminth species harboured per host was 1.6 ± 0.1 (S.E.M.) with non-significant difference between sexes, but a significant difference between age groups (t = 3.290, p<0.005), as subadult mice harboured the fewest species of helminths. Finally, the Brillouin index showed an increase in diversity Table I) . Thirty-seven individuals (72.5%) were parasitized with at least one of these species, with S. stroma, H. diminuta, H. polygyrus and A. annulosa as dominant species on the basis of AI values. S. stroma dominated the helminth fauna with the highest prevalence, mean abundance and dominance, representing 66.1% of all recovered helminths (N = 800). S. lobata, M. muris and R. straminea were codominant species and contributed significantly to the parasite community of A. flavicollis.
Generally, A. flavicollis showed significantly lower total prevalence of infection (χ 2 = 16.804, df = 1, p<0.001), abundance (t = 2.925, p<0.01), and median intensity (t = 2.925, p<0.05) than A. agrarius. When comparing the most prevalent helminth species found in both rodents, statistically significant differences were found for the prevalences of H. diminuta (χ 2 = 6.797, df = 1, p<0.01), H. polygyrus (χ 2 = 88.033, df = 1, p<0.001) and S. stroma (χ 2 = 8.180, df = 1, p<0.005). Moreover, statistically significant differences were recorded also for the abundance (t = 7.608, p<0.001) and distributions (p<0.005) of H. polygyrus.
Mice with one or two helminth species were the most common categories in A. flavicollis, and as for A. agrarius, the maximum number of species recorded in an individual mouse was four. However, the percentage of non-parasitized mice and the percentage of mice harbouring two helminth species were unequivocally lower in A. flavicollis than in A. agrarius (Fig. 1) , though the stochastic equality of distributions was not confirmed. Although the index of discrepancy (D = 0.452) was greater than for A. agrarius, it was not aggregated enough to fit a negative binomial distribution.
The frequency distributions of the helminth species in A. flavicollis showed aggregated distribution according to index of discrepancy and, except for S. lobata, fitted a negative binomial (Table I ). Unlike A. agrarius, a negative binomial distribution was not rejected for the total number of helminths found in A. flavicollis. The test of stochastic equality of intensity distributions confirmed significant differences (BrunnerMunzel test, p<0.005) between distributions of both mice.
The values of the diversity indices of helminth community in A. flavicollis (Table II) indicated lower diversity than in A. agrarius, except equal species richness and Margalef index with opposite tendency. The Shannon index was significantly greater for A. agrarius than for A. flavicollis (t = 3.373, df = 1008, p<0.001).
There was a greater diversity of helminth species (determined by the Brillouin value index) in the adult population of A. flavicollis than in the subadult population, as well as in females compared to males (Table III) . A nonsignificant but higher prevalence among female mice compared with males was detected and prevalence of infection significantly (χ 2 = 11.033, df = 1, p<0.001) increased with age (Table  III) .There was a significantly greater mean species richness in female than male hosts (t = 3.116, p<0.005), and the mean species richness increased significantly with age (t = 3.169, p<0.005).
The diversity of helminth infracommunity expressed by mean Brillouin/Brillouin evenness indices revealed a lower diversity for A. flavicollis (0.1 ± 0.03 S.E.M./0.16 ± 0.04) than for A. agrarius (0.2 ± 0.03/0.28 ± 0.04). The mean number of species harboured per host was significantly lower (t = 2.664, p<0.05) in A. flavicollis (1.1 ± 0.1) in comparison with A. agrarius (1.6 ± 0.1). 
Analysis of the role played by extrinsic and intrinsic factors in the helminth infracommunities of A. agrarius and A. flavicollis
The results of analysis (Tables IV and V) show, in general, the more significant role of intrinsic factors than extrinsic factors on the helminth communities, especially in A. agrarius.
Multifactorial GLM analysis (Table IV) showed that the variation of species richness and helminth diversity are affected by host sex only for A. flavicollis. The significant role of host age on species richness was confirmed for both host species. However, there was no significant influence of period and year of capture on these parameters.
None of the studied factors influenced mean abundance of the helminth species (Table V) in A. flavicollis. Significant results were confirmed only for A. agrarius where mean abundances of H. polygyrus and S. stroma were strongly affected by period of capture, and host age had a significant influence on mean abundance of H. diminuta.
Logistic regression models for prevalences (Table VI) confirmed the effect of host age for total helminths in both hosts and for S. stroma in A. flavicollis only. Host sex affected H. diminuta, S. lobata and total helminths prevalence only in A. agrarius. 
Discussion
In this paper we present our examination of the helminth fauna of two abundant field mice species, A. agrarius and A. flavicollis, sampled from the same ecological habitat. The nine helminth species recorded from both rodents represented a relatively impoverished helminth community, but was in agreement with Klimpel et al. (2007a) who obtained similar results for A. flavicollis from Germany with ten helminth species detected, though with a different community structure. Similar species-poor parasite communities were previously reported also for A. sylvaticus (Montgomery and Montgomery 1990 , Behnke et al. 1999 , Abu-Madi et al. 2000 and Myodes glareolus (Behnke et al. 2001 (Behnke et al. , 2008 Klimpel et al. 2007b) . In comparison, sixteen helminth species (3 trematodes, 7 cestodes and 6 nematodes) were reported in A. agrarius from Belorussian Polesie (Shimalov 2002) . This difference may be related to food resources and/or invertebrate intermediate host availability in the case of helminth species with indirect life cycles. The Slovak site sampled here is significantly different to the reclaimed marsh environment of Belorussian Polesie with a wide network of drainage channels which may be more suitable for the development of infective stages of some helminths with aquatic life cycles. Moreover, probably due to the lower avifauna species richness and abundance in our study area, no helminth species involved in the life cycles of birds was detected.
Here we show that differences in the helminth communities of the two rodent species exist at both component and infracommunity level. Of the nine helminth species detected, six were found in both rodents. Both helminth communities have 3-4 dominant species with the nematode H. polygyrus and cestode R. fraterna dominant in A. agrarius, and the nematode S. stroma dominant in A. flavicollis. The importance of H. polygyrus and S. stroma in the intestinal helminth fauna of these rodents is in agreement with previous studies of Apodemus sp. from other European localities (Behnke et al. 1999 , Abu-Madi et al. 2000 , Klimpel et al. 2007a . Two helminths recorded here are of medical and veterinary importance. H. diminuta can cause sporadic zoonotic infections in human following accidental ingestion of invertebrate intermediate hosts (Tena et al. 1998 , Marangi et al. 2003 , Craig and Ito 2007 , and T. taeniaeformis is a cestode parasite of cats.
The comparative analysis of helminths found in both A. agrarius and A. flavicollis populations demonstrated significant differences. Lower quantitative helminth burdens were recorded in A. flavicollis and prevalence values for the three most common species found in both rodents significantly differed. The number of helminths per host indicated an aggregated distribution for both species, but it followed a negative binomial distribution only in A. flavicollis. However, in both rodent populations, most mice tended to harboured a few helminths, whilst a minority harboured the largest proportion of the helminth population.
The analysis of diversity at both the component and infracommunity level showed that diversity indices and mean species richness were higher for A. agrarius than for A. flavicollis. Higher helminth diversity and species richness in the adult subpopulation was observed for both A. agrarius and A. flavicollis. The same pattern of species richness and helminth diversity in subpopulations determined by host age was in agreement with studies of A. sylvaticus (Behnke et al. 1999; Fuentes et al. 2004 Fuentes et al. , 2007 Eira et al. 2006) . This effect may be related to increasing host age where there is a corresponding increase in total time for exposure to helminth infections, and the fact that helminth burden accumulates with time (Fuentes et al. 2007) . A higher intake of invertebrates in the diet amongst the adults could provide another explanation for differences between age groups. The absence of significant differences between the infracommunities determined by host sex in A. agrarius is in agreement with Behnke et al. (1999) and Fuentes et al. (2004 Fuentes et al. ( , 2007 who determined the same pattern for A. sylvaticus. However, significant difference in the mean species richness among females mice compared with males in A. flavicollis was detected.
Our statistical analysis has revealed a more significant effect of intrinsic factors (host age and sex) than extrinsic ones (year and period of capture) on helminth communities in the two rodent species analysed. In both A. agrarius and A. flavicollis only intrinsic factors significantly affect the variation of the mean species richness and the mean helminth diversity, whereas year and period of capture had no significant influence. By contrast Fuentes et al. (2004) and Behnke et al. (1999) found a clear influence of the year of capture on the mean number of species in A. sylvaticus. A seasonal effect was demonstrated only in A. agrarius. Two of the species detected, H. polygyrus and S. stroma, showed significant seasonal variation in abundance consistent with previous studies of wood mice (Abu-Madi et al. 1998 , 2000 Eira et al. 2006) . The higher helminth burdens and diversity seen here in A. agrarius may be a result of several factors. One may simply be the small numbers of A. flavicollis analysed in this work. However, other factors should also be considered. Parasite species richness depends on various morphological and ecological traits of host animals. Numerous biotic (e.g. feeding ecology, habitat preferences, host age and sex, richness of host species in the area) and abiotic (e.g. humidity, temperature) factors can affect the spatial and temporal distribution of parasite species richness by influencing the survival and/or transmission of parasites (Behnke et al. 1999 , Abu-Madi et al. 2000 , Bordes et al. 2009 ). The trophic niches of A. agrarius and A. flavicollis are similar. Both are granivorous, with seeds and fruits the predominant food resource. However, the yellow-necked mouse is more of a seed specialist but will supplement its diet with up to 20% invertebrates, while the stripped field mouse has more varied diet with up to 40% invertebrates (Holisova 1967, Obrtel and Holisova 1974) . The higher proportion of invertebrate fauna in the diet of A. agrarius may explain the higher diversity of its helminth commu-nity. An alternative interpretation of our data could be based on differences in habitat preferences between rodent species. A. flavicollis is strongly dependent on the forest environment (Montgomery 1985) , whereas A. agrarius, during the crop vegetation period (spring to autumn), regularly uses both agricultural fields and forests. In the autumn, when field work is finished, individuals move to the forest where they spend the winter (Kozakiewicz et al. 1999) . Hence, A. agrarius probably uses a greater diversity of habitats, which potentially harbour a higher diversity of parasitic infective stages and includes a greater diversity of hosts, than A. flavicollis.
Host mobility and home range size are regarded as important determinants of parasite transmissions and, therefore, of parasite diversity (Morand 2000) . Interestingly, Bordes et al. (2009) , by focusing on helminths in wild mammals, found a negative correlation between home range area and parasite species richness in carnivores and glires. Male home ranges generally exceed those of females in small-mammal populations, particularly during the breeding season (e.g. Bergstedt 1966 , Vukicevic-Radic et al. 2006 , Stradiotto et al. 2009 ) and our results of lower species richness and diversity for males particularly in A. flavicollis support this negative correlation. Since data on small-mammal movements and sizes of home ranges are not consistent, such comparison are limited for A. agrarius and A. flavicollis in middle Europe, and suggest that home range size is variably influenced by habitat type, season, mouse age and sex (BabinskaWerka et al. 1981 , Horvath and Trocsanyi 1998 , Vukicevic Radic et al. 2006 . Furthermore, Brown et al. (1994) observed an association between parasite infection and movement parameters and home range of males in the wood mouse A. sylvaticus.
To summarize this work, we have documented differences in the composition of the helminth fauna of two rodent species, A. agrarius and A. flavicollis, which are probably related to host ecology, specifically to differences in dietary and environmental requirements. Further studies of these sympatric populations or of other species of the Apodemus genus will allow a better understanding of how helminths are distributed in closely-related hosts sharing the same habitat.
